Abstract-A 50% size reduction of the rectangular dielectric resonator antenna (DRA) is achieved by introducing shorting posts at the edge of the DRA in this paper. By choosing proper height of the shorting posts, the radiation pattern in E-plane maintains almost the same shape as the conventional rectangular DRA. The cross polarization can also be controlled to be a relative low level. By adding an open stub in the feed line, the proposed antenna has almost the same resonant frequency with the conventional rectangular DRA. The measured results for the constructed prototype are also exhibited and discussed.
INTRODUCTION
Dielectric resonator antennas (DRAs) have been widely discussed since it was introduced in 1983 [1] . DRAs offer many advantages, such as low-profile, low-cost, ease of excitation and high radiation efficiency [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Applications exist, such as mobile handsets, laptops, or for covert operations equipment, where compact antennas are required. Since the volume of the DRA increases by a factor of eight each time the frequency is halved, the use of DRAs at lower frequencies becomes questionable, due to the increase in their dimensions (and thus their weight and cost). The most popular method to reduce the DRA size is the use of very high dielectric constant materials [20] . In [21] , a metal plate is placed on top of the rectangular DRA to reduce the size. An alternative method involves the introduction of a short circuit [22, 23] .
By placing the short circuit at a location of symmetry in the E-fields, a portion of the DRA can be removed, while maintaining the proper mode configuration. It should be mentioned that these techniques reduces the size at the expense of the radiation characteristic or the bandwidth of the antenna.
Rectangular DRAs offer more design flexibility since two of the three of its dimensions can be varied independently for a fixed resonant frequency and known dielectric constant of the material. Hence, we chose the rectangular DRAs for our investigations in this paper. We use here shorting posts at the edge of the rectangular DRA which gives us size reduction of 50%. Three reference antennas are presented and discussed, showing that the radiation patterns deformation and high level of cross polarization could be avoided by the shorting posts. The numerical and experimental results of the proposed antenna are presented and compared, showing a good performance in terms of return loss and radiation pattern.
ANTENNA GEOMETRY AND DESIGN
The geometry of the proposed antenna is shown in Fig. 1(a) , where a rectangular dielectric resonator (DR) is located at the center of a square substrate with a size of 60 × 60 × 1 mm 3 and a relative By using the dielectric waveguide model (DWM) [24] , the resonant frequency of the T E x 111 mode for antenna I is estimated to be 3.77 GHz. The simulated resonant frequency of the antenna I is 3.74 GHz, which is very close to the calculated one. Here, the simulations are performed using Ansoft HFSS 11 [25] , a commercially available 3-D electromagnetic field solver based on the finite element method (FEM). By placing the short circuit at a location of symmetry in the E-fields [22, 23] , a portion of the DRA can be removed, while maintaining the proper mode configuration. It should be mentioned that these techniques reduces the size at the expense of the radiation characteristic. The simulated normalized co-polarized radiation patterns in E-plane (yz -plane) for four antennas at 3.74 GHz are plotted in Fig. 2 . As shown in Fig. 2 , antenna III and the proposed antenna have the similar radiation patterns as antenna I; however obvious differences are observed in the case of antenna II. This is due to the large height of shorting plate at the edge of the DRA. By reducing the height of shorting plate, which refers to antenna III, the differences between radiation patterns become small. It can be also concluded that the shorting posts have the same influence as the shorting plate on the radiation patterns in E-plane.
There could be a significant increase in the cross-polarization level in H-plane if the shorting plate is added. This is due to the radiation of the shorting plate. The simulated normalized cross polarizations in H- plane (xz-plane) for these antennas at 3.74 GHz are plotted in Fig. 3 . High cross polarization level is observed in the shorting plate cases. The cross polarization level could be lower while reducing the height of the shorting plate, but it is still high in the broadside direction. When replacing the shorting plate by shorting posts with the same height, which refers to the proposed antenna, the cross polarization level falls dramatically in the broadside direction.
Since the shorting posts could not be equivalent to perfect electric conductor (PEC) plane completely, the simulated resonant frequency of the proposed antenna without the microstrip feed line is 4.4 GHz, which is different from the one of antenna I, 3.74 GHz. An open stub is added in the microstrip feed line to adjust the resonant frequency of the proposed antenna. The simulated return losses of the proposed antenna and antenna I are presented in Fig. 4 . The resonant frequency of the proposed antenna is 3.79 GHz, which is very close to the resonant frequency of antenna I. Like the results in [23] , the bandwidth of the proposed antenna decreases with the size reduction. The performances of the four antennas are compared in Table 1 .
EXPERIMENTAL RESULTS
A prototype of the proposed antenna was fabricated and tested. The DR was fabricated with a ceramic material of relative permittivity 9.8. The DR was constituted by five substrates of height 2 mm, and two of the substrates with metal via holes are placed at the bottom of the DR. The photography of the antenna prototype is shown in Fig. 5 . The prototype has been measured using WILTRON37269A vector network analyzer and the anechoic chamber. Some representative measured Figure 6 . Measured and simulated return losses of the prototype. results along with some simulated data are presented. The measured and simulated return losses of the prototype are shown in Fig. 6 . It is observed that a good agreement between simulated and measured results is obtained. The measured resonant frequency of the proposed antenna is 3.8 GHz, which is very close to the simulated one. The measured and simulated normalized radiation patterns for the proposed antenna at 3.8 GHz are plotted in Fig. 7 , showing a good agreement in the broadside radiations in both principle planes. Good symmetric broadside radiation patterns with low cross polarizations are also observed in the two principal planes. The measured peak gain of the proposed antenna at 3.8 GHz is 6.31 dBi, which is close to the simulated peak gain of antenna I.
CONCLUSION
A 50% size reduction of the rectangular dielectric resonator antenna (DRA) is achieved by introducing shorting posts at the edge of the DRA in this paper. Three reference antennas are presented and discussed, showing that the radiation patterns deformation and high level cross polarization could be avoided by the shorting posts. By adding an open stub in the feed line, the proposed antenna has almost the same resonant frequency as the conventional rectangular DRA. A prototype of the proposed antenna was fabricated and tested. Good agreement between simulated and measured return losses is obtained and good symmetric broadside radiation patterns with low cross polarizations are also observed in the two principal planes.
